Introduction
Down syndrome (DS) is due to genetic alterations involving the chromosome 21, characterized by the existence of an extra, total or partial copy of its genetic material [1] , resulting in particular physical and mental disorders. In Brazil, this is the most common genetic syndrome, with an incidence of 1 in 600 live births, and the number of newborns with DS reaches about 8 thousand a year [2] .
Individuals affected by DS present a delay in the neuropsychomotor development, slow physical growth, hypotonia, ligament laxity and delay in gait acquisition, generating alterations in the distribution of the plantar pressures, modifying the plantar support [3, 4] . These changes may be related to flat foot, characterized by plantar arch collapse, and are usually associated with the muscular weakness and hypotonia frequently present and closely related to this syndrome, which justifies the higher prevalence of flat feet in children with DS [4] .
A complete evaluation of the child with DS is known to be of paramount importance. When performing a clinical evaluation of the feet, one can intervene early and adopt preventive measures that may decrease joint and muscle imbalances, as well as their possible negative consequences for biomechanical alignment [5] . Therefore, one needs to know in detail the type of plantar pressure distribution and the plantar support of children with DS, as well as to define the best measuring instrument for this purpose, in order to verify the need and the type of orthosis and / or insole more indicated for such clientele. Some measuring instruments are commonly used in the clinical practice. The X-ray has been used for the medical diagnosis of flat foot [6] . In the clinical routine of the physical therapist, postural assessment of foot alignment through photos [7] and evaluation of plantar pressure distribution through baropodometry [8] [9] [10] ] is often performed. There is still no consensus in the literature as to the ideal method for measuring foot alignment in the clinical setting [11] .
The objective of this study was to verify if there are differences in the evaluation of plantar pressure distributions in standing posture between different measurement instruments, both in children with DS as in children with normal development (ND), in the age group from two to five years.
Methods
Cross-sectional study, approved by the Research Ethics Committee under opinion number 264,071. Parents and guardians of children, after being aware of the study intentions and the methods used, signed an Informed Consent Form. The evaluations were carried out at the University Hospital of the city.
The sample consisted of 10 children diagnosed with DS and 10 children with ND, aged between two and five years old, who had independent gait without associated neurological dysfunctions or other factors that could alter gait pattern. In a convenience sample, children with ND were matched with children with DS in relation to age and sex. Such measure was necessary due to the absence of normative data for the evaluation of plantar pressure distributions in children with DS.
Evaluations were performed first in children with DS, and the same procedures were later performed in children with ND. Initially, one of the evaluators collected information on the children identification and data, such as: name, gender, age, race, anthropometric measures (weight, height, body mass index and shoe size), and age of gait acquisition reported by parents.
Next, the same evaluator assessed the distribution of foot pressures in different foot postures using a Baropodometer (Arkipelago brand) with Footwork ® software, as follows: with the child seated, the feet were painted with stamping ink and the child walked on two sheets of brown paper, until the end of the last sheet. Then, the brown paper with the child's last plantar impression was placed on the Baropodometer platform and the child stood in static position above the mark of its feet, with the upper limbs at the side of the body, looking at a fixed point in the wall for the minimum time of 6 seconds. The feet were impressed on brown paper to facilitate the evaluation, serving as a template for postural assessment between the different instruments.
Reports obtained by the Footwork ® software were printed and analyzed to define the children's type of foot. For this analysis, plantar impressions were used, in which lines were drawn to identify the anatomical regions of the foot. Initially, the midpoint of the hindfoot was identified and a longitudinal line was drawn up to the forefoot, in the direction of the second interdigit (L1). Then, using a conventional ruler, two lines were drawn parallel to L1, one of which touched the lateral border (L2) and the other the medial border (L3) of the foot. In the forefoot, a horizontal line (L4) was drawn between L2 and L3. The distance between L2 and L3 in the forefoot corresponds to its width in centimeters (L4). Subsequently, a horizontal line (L5) was drawn at the midpoint between L2 and L3, which corresponds to the midfoot width [12] . From this analysis, a foot was considered normal when the midfoot width (L5) corresponded to 1/3 of the forefoot (L4); when such width was greater than 1/3 of the forefoot measurement, the foot was considered to be pronated ( Figure 1 ). Then, another researcher evaluated the child's type of foot using the Software for Postural Evaluation (SAPO), through bio-photogrammetry, which is based on image digitalization [7] . To carry out this procedure, a plumb line was attached to the ceiling and placed with two polystyrene balls spaced 1 meter from each other, glued on the wire for later calibration of the image. The children were positioned so theyit and the plumb line were in the same perpendicular plane to the axis of the digital still camera (Nikon ® , 5.0 megapixels), which was placed 3 meters away and supported on a tripod at a height corresponding to about half the child's height. They were photographed in the front and back postures, right and left profile, being oriented to be static on the same mark of their feet in the sheet of brown paper used in the first evaluation. The bone references that guided the angular calculations were marked with Styrofoam glued to a felt base for better fixation in the following anatomical points according to SAPO protocol: lateral malleoli, medial malleoli, bilateral calcaneal tendon, intermalleolar line, the region between the second and third metatarsus and fifth metatarsus. The photographs were transferred to the computer for the photogrammetric analysis of the feet. Through the SAPO analysis, the feet were classified as pronated or normal. The angle used for such a definition was named prone-supine angle, obtained by photography in posterior view, with bone markers on the calcaneus tendon and the other on the point between the posterior malleolus. To classify the right foot as pronated, this angle had to be greater than 90°. In the left foot, if the angle was smaller than 90°, it was considered to be pronated. In both the right and left foot, when this angle is the exact value of 90° the foot was classified as normal ( Figure 2 ).
Plantar pressure distribution evaluation in children with down syndrome from 2 to 5 years old 5 radiographic analysis, the radiographic parameters used were focused on the relation of the angle formed between the lower edge of the calcaneus and the ground (calcaneus inclination angle). Angles from 20° to 30° were regarded as a reference value for classifying the foot as normal; values smaller than 20° meant the foot was classified as pronated [5] ( Figure 3 ).
After this stage, the child was referred to the hospital imaging sector for a radiography in the orthostatic position, with load at a standard focusfilm distance of 1m, following the guidelines cited in the Guidelines on Best Practice in the X-Ray Imaging of Children [6] . No sedative method was used and the children were taken care by the caregivers, when necessary. To define the foot type according to the This study had three blind evaluators (one for each instrument), who only knew the results of each evaluation at the end of the analyses. 
Statistical analysis
Normality analysis was performed for descriptive variables using the Shapiro-Wilk test, to verify whether the sample fit a normal curve. As the sample presented a normal distribution for all descriptive variables, we chose to use parametric tests, with Student's t-test, for comparison between groups. The prevalence of pronated feet was calculated according to each instrument used. The Kappa test verified the agreement between the classification of the defined foot types for children (normal or pronated) among the measuring instruments as follows
Results
This study had the participation of 20 children, of which ten had a diagnosis of SD, with a mean age of 53.20 months (SD = 13.98), and ten with a mean age of 59.50 months (SD = 11, 64), matched according to gender (50% female and 50% male) and age, with no statistical differences between groups in these characteristics (p > 0.05).
Children in the DS group had significantly lower stature, weight, shoe size, and foot size than children in the ND group (p < 0.05). In addition, in children in the DS group, the age of gait acquisition was higher when compared to children in the ND group, according to parents' reports. In addition, there was no significant difference (p > 0.05) for BMI between groups (Table 1) . According to the assessment instruments used, most participants in the ND and DS groups had pronated feet when classified by SAPO and radiography, and the DS group also presented a higher prevalence of pronated feet classified by the Baropodometer (Table 2) . Plantar pressure distribution evaluation in children with down syndrome from 2 to 5 years oldHowever, for the DS group, according to Kappa, in the agreement analysis between the SAPO and Baropodometer instruments, there was a weak to moderate agreement between the classifications of foot types (k = 0.286, p = 0.197 and k = 0.412, p = 0.107 for the right and left feet, respectively). In the analysis between the Baropodometer and Radiography, there was a substantial agreement between the classification of foot types (k = 0.615, p = 0.035; for both feet). In the analysis between SAPO and Radiography, there was a moderate to substantial concordance (k = 0.545, p = 0.053, and k = 0.737, p = 0.016 for the right and left feet, respectively).
Discussion
The study results show that most children with DS and ND presented pronated feet according to SAPO and Radiography instruments. For the group with ND, the instruments showed no agreement or weak agreement between foot classifications, and for the group with DS, the agreement presented by the instruments was from weak to substantial. A higher prevalence of pronated foot is expected in children with DS, due to specific characteristics such as ligament laxity and hypotonia, which generates a collapse of the plantar arch caused by muscle weakness. Thus, such results are in agreement with the literature [14] [15] [16] [17] .
In children with ND, the highest prevalence of pronated feet is probably related to the development of the medial longitudinal arch with growing age. As the age increases, the incidence of flat feet decreases [11, 18] . According to Volpon [18] , there is a great variation of the longitudinal arch in childhood, mainly up to 4 years old, as the development of this arch is not well established at this age. Souza, João, and Sacco [19] report that foot development is related to the plantar arch formation. These authors argue that changes in the plantar arch can alter the foot functionality, as well as the entire posture. In addition, they report the physiological presence of flat feet in healthy children, according to the measurement of the plantar arch. Lin et al. [20] noticed in their study a progressive increase of the plantar arch with increasing age. These authors related the increased plantar arch to the child's developmental progress, which is closely related to weight, height, the presence or absence of ligament laxity, and whether or not they perform physical activity. Thus, the participants of this study, being in the age group from 4 to 5 yearsold, are still in the stage of development of the plantar arch, which might explain the high prevalence of pronated foot in the children of the ND group.
The instruments used in this study are often used for evaluation in the physical therapist's clinical practice. According to Harris et al. [5] , the radiological examination is essential for diagnosing pediatric feet deformities such as flat feet, as well as for allowing comparison with the time of progression and evaluation of therapeutic results. In their study, Prado Júnior, Nery and Bruschini [21] verified the occurrence of feet abnormalities in 320 asymptomatic children of both sexes in the age group from 7 to 13 years old, through general clinical examination, gait, podogram and radiographic examinations in three incidences, by measuring several angles, including the calcaneus inclination angle. In this study, one could detect that 6.6% of the sample had flat feet, 11.8% had cavus feet, with a predominance of flat feet for males and cavus ifor females [21] .
Although radiography is considered the gold standard for foot type classification, this instrument is less accessible to the physical therapist due to the need for another health professional to perform it, in addition to exposing the individual to radiation. In contrast, the baropodometer and the SAPO are more accessible, being widely used for foot evaluation.
Several authors have used baropodometry as a method to assess the distribution of plantar pressures [22] [23] [24] . In the study of Molinari and Massuia [16] , the static biomechanical behavior of the posture and the plantar support of children with obese and nonobese DS were analyzed through baropodometry, resulting in a higher prevalence of pronated feet in both groups, being 90% in the obese and 60% in the non-obese. Different authors have used plantar impression images to trace lines and identify the anatomical regions of the foot [25] , and used the measurements of the foot regions to classify them as normal, flat, or cavus [12, 16, 24] , corroborating with what was done in this study.
Baropodometry is part of a set of diagnostic resources for feet assessment that the physiotherapist has and should not be forgotten [9, 26] . Therefore, baropodometry has proven to be an effective method for assessing plantar pressure distribution, performing an objective, quantitative, and indispensable examination in the analysis of plantar pressure and distribution, as well as comparing and measuring pressures at different points in the plantar region [9, 26] . This equipment allows for analyzing and monitoring the clinical evolution and physiotherapeutic treatment [8, 27] .
The SAPO is an instrument that has been used for postural evaluation from the angles provided, according to the pre-established anatomical points in its protocol. Bio-photogrammetry has become an alternative for the quantitative evaluation of asymmetries in postural assessment, making its data more reliable than those obtained by visual observation, giving credibility to clinical physiotherapy and reliability to rehabilitation research [7, 28] .
Despite the increasing number of studies using bio-photogrammetry [29] [30] [31] , there is still no standardization of the angles used to verify certain postural changes, as well as few studies that verify the reliability and reproducibility of the postural evaluation programs used, which difficults the comparison between studies and the validation of results found.
There was weak to moderate concordance among the evaluations transmitted by the three instruments, thus, showing no agreement between them. Although the three instruments are proposed to measure foot alignment, there is still no consensus in the literature on which is the ideal method for the evaluation and classification of foot types [11] . The instruments used in this study should be used in a complementary way in clinical practice, as they provide different and complementary information about foot alignment.
At least 80% of the general population have foot changes that can be corrected through an appropriate assessment [32] . Therefore, the clinical significance of flat feet should not be underestimated. The flat foot should not be seen only as a static ankle problem, but also as an abnormality of the lower limbs functional dynamics [20] .
As limitations of this study, one can mention the small number of participants from each group. Despite this, it was possible to perform concordance analyzes between the instruments in an adequate and reliable manner. In addition, all children with DS, in the studied age group, who were attended at the main institutions of the city were invited to participate in the study.
Conclusion
Children with DS and ND participating in this study, in the age group from 2 to 5 years old, presented a higher prevalence of pronated feet. Possibly, the justifications for such higher prevalence are different between the groups, according to the bio-mechanical particularities of each one. Results obtained in this study allow us to infer there are differences in the evaluation of plantar pressure distributions in standing posture between the Baropodometer, SAPO, and Radiography, and the instruments should be used in a complementary way since they measure different aspects of foot alignment. However, further studies are still needed for the evaluation of plantar pressures by these three instruments in children in this age group due to the paucity of studies found.
